to fixed installations.

The conventional magnetron is small and cheap, and is extensively used in
many types of equipnent. There is a wide range of spectra produced by con-
ventional magnetrons, conpare the spectra of Figure 2a and 2b, for exanple
This may be because conventional magnetrons are subject to wide variations in
equi pment design and operational maintenance. \Wen the conventional magnetron
is conmbined with narrowband filters or diplexers, as in the GPN-20, excellent
spectrum characteristics are possible.

The coaxial magnetron produces a cleaner spectrum (near center frequency)
than the conventional magnetron, conpletely elininating the “porch” which is present
with conventional nagnetrons. Farther away in frequency, however, the inprovement
is not particularly noticeable. A “hunp” about 100 MHz above the fundanental fre-
quency is present in many coaxial magnetron spectra. \hether the [1, 2, 1] node
“hunp” of a coaxial magnetron spectrum is nore objectionable than the frequency
pul ling “porch” (produced by conventional nagnetrons) is a matter of question.

The spectrum used by various conbinations of output tubes and bandpass
filters is one factor in determning how nuch value is gained from the spectrum
allocated to radar. Many factors besides the level of unnecessary sidebands
must obviously be included in the choice of radar output tubes. However, the
di fference between the ambunt of spectra used by various tube types is very sub-
stantial and nust not be totally ignored. A mjority of the frequency spectrum
allocated to radar is currently filled by unnecessary spurious sidebands produced
by dirty radar output tube technology. The wi despread use of cleaner output tube
t echnol ogy would provide room for many nore radars in existing bands
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APPENDI X:  RADAR SPECTRUM ENG NEERI NG CRITERIA (RSEC) CALCULATI ONS

The RSEC to be applied to each radar spectrumis defined in section 5.3 of
the NTIA Manual of Regulations and Procedures for Federal Radio Frequency Managenent.
Several radar parameters--operating frequency, peak power, transmitting pulse
shape, type of radar, and procurenment or overhaul date--determne the RSEC emi s-
sion bandwi dth and levels to be applied to the radar spectra. Based on these
parameters, some of the radars presented in this report were in a different RSEC
category at the tine the neasurenments were made; however, for purposes of tech-
nical conparability, the sane RSEC is applied to all of the spectra. The cri-
teria we selected do apply to non-FM pul se radars having a rated peak power of
more than one kilowatt and operating at less than 40 GHz, and do properly
apply to many of the radars included in this report.

The RSEC is concerned with the difference between spectral energy neasured
at f,and at sideband frequencies. As long as the neasurenent system is hand-
ling the spectral energy at f,and at sideband frequencies identically, the RSEC
may be conpared directly to the neasurements. As noted before, Figure 5 for
exanple, the RSEC linmt often starts several decibels above the peak response of
the radar. This difference is caused by a correction factor that nust be added
when the spectrumis neasured with a bandwidth larger than |/t, where t is the
pul se width of the radar being measured. For neasurement bandwi dths greater
than |/t, but smaller than I/t , where t, is the radar pulse rise tinme, the
nmeasur enent system responds accurately to the enmission at f_but sees an inpul se
at sideband frequencies. As bandwidth, B, is increased, the neasured value of
signal at f_will remain constant while the signal at sideband frequencies wll
increase at a 20 log B rate. For neasurenent bandwi dths less than |/t, the
si deband spectra fall below system noise. For measurenent bandw dths outside
the range between |/t and I/t, no correction is necessary. However, use of
nmeasur enent bandwi dths greater than |/t offer advantages in neasurenent system
sensitivity in the sideband areas of the radar and allow accurate measure-
ment of received radar peak power and pul se width.

For a measurenent bandwi dth between |/t and I/t,, the correction factor may
be conputed from some well-known relationships between inpulse bandwi dth and
peak response.

From t he RSEC
P, =P+ 20 log (Nt) + 10 log (PRR) - PG -90 (1)

t
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wher e, P = peak transnitted power (dBm
t = enmtted pulse duration (us)

PRR = pulse repetition rate (pulses per second)
P, = maxi mum spectral |evel (dBm kHz)

PG = processing gain (dB)

N = total nunber of chips (subpulses) contained

in the pul se.

assumng that the processing gain is O and the nunmber of chips is 1 (for
radars in this report) we can convert to:

P.= P+ 20 logt + 10 log (PRR) - 90 (2)
If t is expressed in s instead of usand P is expressed in dBmHz instead of
dBm kHz, this becones:
P.= P+20logt+ 10 log (PRR).

t

Converting from dBmto absolute units gives:
P= P.x t’x PRR (3)

where Pis in mNHz, P is transmitted power in mMN t is pulse width in s, and
PRR is in pul ses/s. "

Anot her equation relates inpulse bandw dth and system responses to P, at a
frequency in the sidebands of the radar:

X b, = p xl/b X PRR

wher e bPis the power bandw dth of the system Py is the peak response from an
inpul se, and b,is the inpulse bandw dth.
This can be solved to give:

P, = I/b,x /b, X p X PRR (4)

Equati ons (3)and (4)can be conbi ned by assuming that the P is equal for
measurenents made at f,and the sidebands, then conparing the value of P, and
pP. From(3) and(4):
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PxPRR*x t*x 1/PRR = 1/b,x 1/b, xp, x PRR

si mplifying: Px t° = I/bx1/h xP,

P/ P~ t'xb,xb,. (5)

The above cal cul ations assune that the nmeasurements are made with a band-
width larger than I/t , so that the neasured value for pP is actually the peak
power of the radar. They also assune that the neasurement bandwidth is less than
1/t,, because equation (4) assumes that the signal |ooks inpulsive in the mea-
surement bandpass. These equations work for the asynptotic cases; they give no
correct answers when near f_ or when using bandwi dths near |/t. Careful cal-
ibration of the RSM5 has not been perfornmed to determine the exact power band-
width b and inpul se bandwidth b for the neasurements. However, a general rule
of thunb lets us say that b = 1.25 b,.

From Tabl e 4, measured values for the WSR-57 radar were: t = 4.1 us;

t =50ns. Then I/t = 244 kHz and |/t,= 20 MHz, and for a measurenent band-

r
wi dth, bP = 1 Miz, the above equation (5) for p/p,applies.

P/P, = (4.1x 10°)x 1 x 10°x 1.25 x 10°

21 correction factor
13 dB correction

This nmeans that the power at the sidebands (p,) is being neasured 13 dB too
hi gh, conpared to the value measured at the fundamental (P).

This correction could have been applied by either: a) drawing a dashed
line 13 dB below the neasured sideband spectra and using the dashed |ine values
to conpare with the RSEC for sideband suppression below the peak value, or b)
adding 13 dB to the peak value at the fundanmental frequency and start the RSEC
conparison 13 dB above the fundanental frequency. The latter method was chosen
because of the sinpler graphical procedure involved

The current RSEC stipulates that the emission levels at the antenna input
nust be at least 40 dB bel ow the maxi mum value (enmission level at the fundamen-
tal frequency, f) at frequencies fg+ or - 1/2 B,, and at frequencies, f, dis-
placed by nore than 1/2 B_40 dB fromf, ,the suppression (dB) shall be at |east
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where B = enmission bandwidth in Miz. This latter suppression is to continue
until the ultimate value of 60 dB or P,+ 30, whichever is the larger value, is

attai ned, where p, may be nmeasured or calculated from
Py = Pp + 20 log (Nt) + 10 log (PRR) - PG -90.

Using the sane WSR-57 as an exanple, the allowable enission bandwi dth at 40
dB below the level at the fundamental frequency is:

7.6

B(_40 dB) = — , or 64/t
r
whichever is less.
_ 7.6 _
B(_40 dB) - 7 = 16.8 MHz

4.1 x 10°° x .05 x 107°
B(_4o agy = 64/t = 15.6 Miz

Thus, at fg4 or - 7.8 Mz, the em ssion level nust be at |east 40 dB bel ow the
peak |evel (peak received signal plus 13 dB correction).
The roll-off fromthe -40 dB points nust be at the 20 dB per decade rate,
so that at the required |level of 60 dB below the peak, the bandwidth is
60-40
B = B 10 20
(-60 dB) ~ “(-40 dB) * = 156 MHz.
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